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Introduction
According to financial theory changes in exchange rates and interest rates should affect the value of the firm. Hence there has been much interest in evaluating the level of exchange rate exposure or interest rate exposure a firm or industry faces. Exchange (interest) rate exposure refers to the extent to which the value of the firm is affected by changes in exchange (interest) rates.
The issue of exposure to both exchange rate and interest rate risk is of importance to individual investors and firms. For example, changes in exchange rates and interest rates can affect an investor holding a portfolio consisting of securities from different countries. Changes in exchange rates should naturally impact the cash flows of a multinational firm with operations in different foreign locations, importers and exporters and even solely domestic firms. Similarly changes in interest rates will alter the firms' financing costs, affecting the amount of loan interest and principal payments and impacting cash flows of the firm.
To evaluate the extent of exposure to market, exchange rate and interest rate risk we estimate the betas, or sensitivities of asset returns to these underlying sources of risk. This study seeks to uncover the extent to which industries are affected by shocks to market returns, exchange rates and interest rates. Further the response to shocks can be apportioned to revisions in expectations about future cash flows, interest rates or expected returns.
A large number of studies have investigated the relationship between exchange rate movements and changes in the values of firms. However, there is far from being a consensus over the impact of exchange rate changes on stock returns. Studies based on U.S. data often uncover mixed findings, suggesting the level of exposure is limited. Jorion (1990) examines the extent of exchange rate exposure in U.S. multinationals using a two factor model incorporating both market returns and changes in exchange rates finding that there are significant differences across industries. Jorion (1991) shows that industries such as Chemicals, Mining and Retail have significant exchange rate exposure. Chemicals and Mining industries react positively to a change in the exchange rate while Retail adjusts negatively, i.e. heavy industry (exporters) benefit from a depreciation in the exchange rate while importers (Retail) suffer. Bodnar and Gentry (1993) measure the level of exchange rate exposure in Canada, Japan and the U.S. They find only limited evidence of exposure faced by industries in the three economies, reporting that only 11 out 39 U.S. industries face significant exposure with only 4 out 19 industries in Canada although there are 7 out of 20 in Japan. Additionally, Choi and Prasad (1995) find only limited evidence of exposure with only 15% of U.S. firms having a significant coefficient. Khoo (1994) investigates the level of exposure to exchange rates of mining firms in Australia. He finds that the sensitivity of stock returns to movements in exchange rates is small. He and Ng (1998) find that approximately one quarter of the 171 Japanese multinational firms in their sample face significant exchange rate exposure.
Conversely, Kiymaz (2003) and Nydahl (1999) present evidence for Turkey and Sweden respectively, suggesting that industries in small open economies face significant exchange rate exposure. Kiymaz (2003) finds that Turkish firms are highly exposed to exchange rate risk particularly firms in the textile, chemical, machinery and financial sectors. He reports that 47% of all firms face significant exchange rate risks although, for example, this rises to 82% of textile firms and 65% of financial firms. The evidence for Sweden is slightly weaker, Nydahl (1999) reports that 40% of the firms face significant exposure. 1 El-Masry (2004) investigates the extent of exchange rate exposure of UK nonfinancial companies over the period January 1981 to December 2001. The firms analysed cover the industrial sectors also investigated in this study. He finds evidence of significant exposure to both contemporaneous and lagged exchange rate changes. Exchange rate exposure is most prevalent in the periods before and after Sterling entered the European Exchange Rate Mechanism in the early 1990s. Choi et al (1992) and Choi and Elyasiani (1997) investigate the sensitivity of U.S. bank stock returns to market, interest and exchange rate risks. The market risk beta is significantly positive for all banks, the interest rate risk beta is significant for 23 out of 59 banks and the exchange rate risk beta significant for nearly all the banks (49 out of 59). Moreover they find that all the significant interest rate betas are negative while the exchange rate response is mixed. Joseph (2002) examines the impact of both exchange rate and interest rate changes on UK stock returns, focusing on the Chemical, Electrical, Engineering and Pharmaceutical industries. He finds that interest rate changes (significant for 34% of firms) have a greater impact than exchange rate changes (significant for 28% of firms).
Typically studies of exchange rate and interest rate exposure are based on estimation of models which are extensions of the basic market model to two and three factor models. Similarly, here, a linear factor model (Burmeister and McElroy, 1988 ) is used to justify the use of market returns, interest rates and exchange rates as factors in the estimation of a model of state variables that impact all industry sectors.
However, this paper takes a different approach to assess the sensitivity of industry portfolio stock returns to market, interest and exchange rate risks adopting the methodology of Campbell and Mei (1993) . This focuses on the estimation of betas for market, exchange rate and interest rate risk. These betas can then be decomposed into future cash flows, real interest rates and excess returns components. Campbell and Shiller (1988b) and Campbell (1991) describe how unexpected returns can be written as an approximate linear function of changing expectations in future cash flows, real interest rates and excess returns. Betas simply measure the covariance of returns with a given factor. The implication of the Campbell-Shiller decomposition is therefore that the betas depend upon the covariances of news about cash flows, real interest rates and future excess returns with the factors, market, exchange rate and interest rate risk.
The remainder of the paper is set out as follows: section 2 introduces the linearised rational valuation formula (RVF) and the theoretical framework, section three covers the beta decomposition and the estimation of the VAR of state variables. Section four discusses the data and empirical results and section five provides some concluding comments.
Theoretical Framework
The log-linear representation of the present value model or RVF formulated by Campbell and Shiller (1988b) approximates the one-period log holding return as: 2
where h i,t is the expected log real return on portfolio i in period t, p i,t is the log real price of portfolio i at the end of period t and d i,t is the log real dividend paid on portfolio i during period t. ρ i is 1/(1 + exp(δ i )) where δ i is the mean log dividend price ratio of portfolio i and k is a constant equal to −log( (1) can be solved forward to give:
2 Campbell and Shiller (1988b) define the one-period log holding return on stock i as h i,t+1 ≡ log(P i,t+1 + D i,t+1 ) − log P i,t , where P i,t is the real stock price measured at the end of period t and Di,t is the real dividend paid on stock i during period t.
3 Following Cuthbertson et al (1998) ρ = 0.99 is adopted for all the countries. 4 This condition prevents explosive behaviour and rules out "rational bubbles".
This enables the effect on the stock price of a change in the expected stock returns to be calculated. Campbell (1991) shows that it is possible to obtain a decomposition of the unexpected stock return:
by substituting p i,t and p i,t+1 out of equation (1). Although equation (2) is written in terms of real log stock returns, it is possible to define the excess stock return over a short term interest rate as e i,t+1
where h i,t+1 is the expected return and r i,t+1 is the real interest rate, such that the innovation in the excess return is given by:
This states that the unexpected excess return on portfolio i,ẽ i,t+1 is equal to the news about future dividends on portfolio i,ẽ di,t+1 , minus the news about future real interest rates,ẽ ri,t+1 , and the news about future excess returns,ẽ ei,t+1 .
Econometric Implementation
The beta decomposition is defined by using the unconditional variances and covariances of the innovations in returns and factors. The beta with respect to the kth factor (e.g. exchange rate changes) is defined as:
which is simply the covariance between the unexpected excess return on portfolio i,ẽ i , and the unexpected excess return on factor k,ẽ k , divided by the variance of the unexpected excess return on the kth factor. β i,k can then be decomposed into:
where β di,k is the beta between the innovation in the kth factor (e.g. exchange rate changes) and news about portfolio i's future cash flows or dividends, β ri,k is the beta between the innovation in changes to the exchange rate and news about future real interest rates and β ei,k is the beta between the innovation in changes to the exchange rate and news about future excess returns.
In order to estimate the beta decomposition, it is necessary to construct empirical proxies for the news about future cash flows, excess returns and real interest rates. The excess return on each portfolio e i under consideration is assumed to be a linear function of the chosen state variables x t which are known to all participants in the market and which provide a summary of the state of the economy at the end of period t:
Additionally, the vector of state variables is assumed to follow a first order VAR process:
wherex t+1 is the innovation in the vector of state variables. Hence the expectation in the current period of any future values of the state variables is:
and the revision in long horizon expectations of x t made between the current period and the next is:
Using the definitions of the news variables in equation (4) and the revision of expectations in the vector of state variables in equation (9), it is possible to derive the 'news' components of the portfolio returns:
whereẽ i is the ith row of the vectorẽ and a i is the ith row of the coefficient matrix A. ι r is a selection vector which 'picks out' the real interest rate from the VAR, i.e. ι r x t+1 ≡ r t+1 . The factor innovations are the residuals from the k individual VAR equations, i.e.:
wherex k,t+1 is the kth row of the innovation vectorx t+1 . Having estimated equations (7), (8) and (9), and obtained the variables in equations (10) it is straightforward to calculate the relevant variances and covariances, and hence the betas in equation (6).
Data and Empirical Results
We apply the methodology to study the market, exchange rate and interest rate risks of 33 (Level 4) The state vector contains the real market excess return, the real interest rate and the change in the real exchange rate. The real market excess return and industry excess returns are measured using the change in the log real total market and industry return indexes, incorporating prices and dividends from Datastream, in excess of the real short term interest rate. The real interest rate is calculated using the three month interbank rate minus the rate of inflation calculated from the CPI, and the exchange rate is the real effective exchange rate. The three state variables enter the VAR as deviations from their mean and the VAR is estimated with a lag length of one. The constraint of the value of ρ to be the same across each industry portfolio restricts the impact of each factor innovation on revisions to expectations of future real interest rates β ri,k to be the same across all industry sectors. (Steel & Other Metals) . Thus for every 1% increase in market risk, there is a wedge of 1.16% driven between the two French sectors. A real market excess return of 4% therefore implies that the required return on the Telecom Services portfolio needs to be 4.6% higher than that on the Real Estate portfolio. However, there are also similarities between parameter estimates for certain industries, for example Banks (1.0383, 1.0669, 1.0424, 1.0619 for France, Germany, Italy and the UK respectively) and Pharmaceuticals & Biotechnology (0.8335, 0.7799, 0.8029, 0.8916) . Thus market participants in the four markets respond in approximately the same manner to changes in market risk for these sectors, suggesting some degree of homogeneity between these industries.
The real exchange rate betas are reported in Table 2 . There are significant differences between the four countries studied. For Germany 56% of the industries (18 out of 32) have significant exchange rate betas, for Italy 26% (8 out of 31), France 21% (7 out of 33) and the UK only 12.5% of industries (4 out of 32) have significant betas. Moreover, all the betas for Germany are estimated to be negative. They are also virtually all negative for France, although for the Life Assurance sector the exchange rate beta is both positive and significant. By way of contrast, the majority of betas are positive for Italy and they are all except Steel & Other Metals positive for the UK. Thus, currency appreciations have a negative impact on stock returns in France and Germany but increase expected returns in Italy and the UK. The findings for France and Italy of around one fifth to one quarter of the sample showing significant exposure to exchange rate risk is in line with the previous research discussed in section one. The level of significance in the UK is only slightly lower than that documented by El-Masry (2004) . However, the results for Germany suggest a very high level of sensitivity to exchange rate changes. In general, participants respond differently in the four markets although there are some similarities between France and Germany and Italy and the UK. Table 3 presents the estimates of the real interest rate betas. Germany has the most industrial sectors that are sensitive to the real interest rate, with 11 out 32 (34%) significant betas. All the significant betas are negative. For France only 21% of the sectors (7 out of 33) are significant and again, with the exception of the Personal Care & Household Products sector, all the significant betas are negative. For France and Germany therefore, an increase in the real interest rate leads to a downward revision in expected 7 returns. However, typically the responses in France are much greater than those in Germany since the absolute values of the estimated betas is larger. For both Italy and the UK only two of the sectors have significant betas. Somewhat surprisingly, especially in the UK given the high prominence afforded to interest rates, it seems that changes to interest rates do not have a significant impact on expected returns in Italy and the UK. However, the beta decompositions will identify any important information mechanisms and whether changes to interest rates contain news about future dividends, real interest rates and excess returns.
The beta decompositions, news about future cash flows β di,k and news about future excess returns β ei,k , are reported in Table 4 . The future real interest rate beta, β r,k , is reported in the final rows of Tables 1-3 for each of the respective factors. The future real interest rate beta is constrained to be the same for each sector over the sample sample period. 7 For all countries, an unexpected change in the excess market return is associated with a negative revision in expectations about future real interest rates, although only the beta for Germany is significant. Unexpected changes in both exchange rates and interest rates are associated with significant positive revisions in future real interest rates for all four countries. Forward looking behaviour by market participants implies that an unexpected currency appreciation leads to an increase in future real interest rates, (β r,∆s = 0.1546, 0.2894, 0.3039, 0.0762 for France, Germany, Italy and the UK respectively). Further a current positive surprise to interest rates leads to higher real interest rates in the future (β r,r = 2.1811, 1.1444, 2.1741, 2.1712), a manifestation of long memory or persistence in real rates.
Unexpected changes in excess market returns typically have a positive impact on revisions in expectations about both future cash flows and future excess returns. Moreover, the majority of estimated coefficients are statistically significant. Further, on the whole, the absolute value of the cash flow (dividend) betas is much larger than that of the future excess return betas, suggesting changes in stock returns associated with a change in the market excess return are due more to revisions in expectations about future dividends than future excess returns.
Changes in both exchange rate and interest rates are a source of news about future cash flows. Unexpected changes in exchange rates contain significant information about future dividends. For Germany 59% (19 out of 32) of the industrial sectors have significant betas, for Italy 45% (14 out of 31) of sectors are significant, for France 42% (14 out of 33) are significant and for the UK 31% (10 out of 32) of the sectors have significant cash flow betas. In line with the estimation of the real exchange rate betas, all the German cash flow betas are negative, as are the majority of the French betas. However for Italy and the UK the majority of the β di,∆s are positive.
Innovations in real interest rates have a slightly weaker impact on changes in expectations about future dividends. France has 39% significant sectors, the UK 37.5%, Italy 32% and Germany 25% There is an even spread between negative and positive revisions to expectations across the industry sectors in each country. The majority of the betas capturing news about future excess returns are significant. With respect to innovations in changes in exchange rates, the betas are mostly negative for German and Italian industry portfolios, while for France and the UK there is a relatively even split between negative and positive betas on the sectors. Typically the absolute values of the exchange rate dividend betas are greater than those of the excess return betas. However, for unexpected changes in real interest rates the excess return betas are larger in Germany, Italy and the UK than the cash flow betas. The results for the French sectors show that the magnitude of revisions to expectations about future dividends is greater than the changes to expectations about future excess returns.
Overall, the beta decomposition results highlight that movements in stock returns to changes in exchange rates are largely due to revisions in expectations about future dividend payments, while movements due to changes in interest rates can be apportioned to changes in expectations about future excess returns.
Conclusion
This study investigates the level of market, exchange rate and interest rate risk faced by industries in four major European economies, France, Germany, Italy and the UK. Using 33 industry portfolios the response of stock returns are measured to ascertain the extent of exposure of each industry to the market, exchange rates and interest rates. These responses are then decomposed into components attributable to news about future dividends, future real interest rates and future excess returns. This uncovers important information transmission mechanisms which may be hidden in the basic analysis.
The results provide significant evidence of exposure to market, exchange rate and interest rate risks. In line with previous studies we find that market excess return betas are significant and positive for virtually all industries in all four countries. However very few industries exhibit responses of similar magnitude across the four countries, suggesting that market participants in the different markets have different perceptions of sensitivity to market risk and also that there are possibly distinct differences in the make up of the industrial sector portfolio in each of the four countries.
Importantly, this paper establishes that significant levels of exchange rate exposure exist in all four economies. The findings for France, Italy and the UK are similar to those reported elsewhere in the literature. However, industry portfolios in Germany are much more sensitive to changes in exchange rates and interest rates than previously documented. Further, industrial sectors in France and Germany are exposed to significant levels of interest rate risk, although this is not the case in Italy or the UK.
The beta decompositions show that unexpected changes in market excess returns, exchange rate changes and real interest rates contain significant information about future cash flows, future real interest rates and future excess returns. For decompositions of both the market betas and the exchange rate betas, the magnitude of the betas for news about future dividends is greater than the magnitude of the betas for news about future excess returns. However for unexpected changes in real interest rates, the response is due more to changes in expectations about future excess returns than news about future dividends. For both exchange rate and interest rate innovations there are significant revisions in expectations about future real interest rates.
This study clearly establishes that industries in France, Germany, Italy and the UK face significant market and exchange rate risks; and industries in France and Germany face significant interest rate risk. However, it also shows that although risks (especially exchange rate exposure and interest rate risk) may be perceived as insignificant, they significant impacts on expectations about future dividends, real interest rates and excess returns. 
